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Out invention relates te lecorders primarily in- 
ended for indicating and, recording, water level 
in connection with steam boilers and the like, but 
suitable also for dndicating ,and recording data 
of numerous other types. 5 
A purpose of out invention is,to reduce fric- 
tion incident-te .recording and primary .indica- 
tion without inceasing-the, complexity of 
recordr 
A furher .pLu'pose is te impose vibration suit- 10 
ablyby electromagnetic,mechanism axia]]y upon- 
a primary.indicator shaf toreduce .the bearin 
friction of the shaf-t. 
A frther purpose is .te support a marker on 
the end of, a pivoted ar, m by mean having 
ticular natural frequency and te impose on. the 
arm vibratioñ, at that naturel frequency sond 
preferably applied axially of th arm. 
A furher purpose is te employ a-marker sup- 
portingarm which is resilient adjacent the pivot, 20 
relatively stiff between the piot .,and-the outer 
end., and  resilient ai the end supporting the 
marker, to-vibrate the arm preferably by alter- 
nating current electròmagnetic-impulses f, rom an 
electromagnet-applied-t0 the.resilien t portion a 25 
the axis, and preferably te tune .the reilient 
tion, at the-end suppor, t,ing-the markm , te-the- 
vibration. 
A further-purpose .is-tò mount the-marke; on 
a compartively riid arm-by a-V sprigcip, 
one of the branches of the V-bèing-,securÇd-to 
the comparativel-y riid-portion-ofthe arm and- 
the other-to the marke and te adJust the length 
of the free branch- carrying the marker te a natu- 
ral frequency which corresponds te the vibration 
apptied te the arm. 
A further purpose is te support a marker hom 
a prirnary indicator shaft .by an  .arm havin, 
axially resilient connection with the primary ele- 
ment, obtainable, for example, by a terre°se bond. 0 
or offset in the arm normal te the axis of rotation, 
a stiff section between the r,esilient connection and 
the end and a resilient section on the end ad- 
joining the marker,, te mount n armature ai the 
axis adjacent. o the stiff section of the-arm and 
on the .opposite .side of=the resi:lient cennection 
te the primry indica0r shaft,:and:to vibçate-t_he 
armature preferably byattmaatin cu.rçent elc- 
tromanet means ,acting- either- frein .outside or. 
inside the resilient connection. 50 
A further purpose is te draw the marker fr0m 
an inoperaive position te an. operative position 
adjacent the chart by electromagnet action on 
the marker arm and thereafter te vibrate the 
marker adjacent the chart by alçernating current 55 
vibrat0n from the ,elecçromagnet 
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A fmther purpose is te employ  clrcu,l 
rotating about n xis and havg a portioç:içh 
curves te cooperate with the path of 
preferably movg aboç a. axes, .trays,o 
the axis of the chart. 
A furthr purpose iç .te curFe te adill.or 
upper portion of a, circular chant and«Qm0Fe: 
the markeï about an axis transverse fo th 
along a central vertical radial path of the 
A further purpose is te place the 
dicator shaft behind the chart, and te car 
reverse end around the chart, te remÇde of 
the marker arm being in front of::the:cha.- 
A further purposeis te dampthe virai0n:by. 
re!ieving the chart plate behind :he cha-d- 
vibrating against th e unsupd pper. 
A further purpose is te maintain the. chant: 
paper resilient under the vibration. 
A further pur.pose is :te damp the vibration by. 
mataining themarker slightly.out of resonance 
with the vibration s0ce, 
A further p'pose is te vibra the. maker 
withou breaking the i stream ,o film,betwn 
the mar,ker and the chart paper 
rther purposes appear in the sp.eciflqatio. 
a_d in the claires. 
 the drawg we have chosen te ltrate a 
few only-of the nuïner0uemmént i Whih 
our invention may appear, the ferres sh0wn bC 
ing chsen.from the sQSCOhVëiee 
in illustration, satsactory oe.çati 
dm]ostçation of the principlês oled . ..... 
Figu'. 1 !s _a.PerspeçtiY0f out .nqvel.pr,imry 
indicator and recorder, with theont 
corder open. " 
Figure 2 is a ïront e!evatlon with the,recoding 
chart and the incàtor nW broken ay: 
Figure 3 s a section on ihè line. of g 
Figure 4  a detail pe'spective,shewing .the 
marker arm, vibrator and' indicàtin.arm. 
Figre 5 is a detail elevationof thè.end.çf the 
rnarker rm showg the,marke 
Fge 6 is a centrat vertical seçtion through 
the primarY indiçater, " .... ' 
ïï te reduced scale .... 
oeigure 8 is a detail p,espective .of. the hors.e 
shoe magnet and SUpport .fr e pimarY ii 
cator. 
Figure 9 is a detail side elevatp_o! .a variant. 
primary indicaçor spiral. 
Figure 10 is a diagl'ammatic .,elevation, part_, 
in, section, shqv/ing a_ recover  accodng, , ê, 
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high pressure boiler, with the recorder located in 
position to be read from the floor. 
Figure 11 is a diagrammatic elevation, partly 
in section, showing the invention applied to flow 
meter measurement of a liquid passing through 
an orifice. 
Figure 12 is a fragmentary elevation, partly lu 
section, showing the invention applied to record- 
ing flow through a weir notch. 
Figure 12  is a view of the weir notch of Figure 
12 in sectional elevation. 
Figures 13 to 17 inclusive illustrate a znodi- 
flcation in the recorder of the present invention. 
Figure 13 is a front elevation of the mcdified 
recorder. 
Figure 14 is an end elevation of Figure 13. 
Figure 15 is a fragmentary detail side elevation 
of the marker arm and related structure. 
Figure 16 is a top plan view of the structure of 
Figure 15. 
Figure 17 is a section on the line I1--1 of 
Figure 15. 
Figures 18 to 20 illustrate a variation in the 
marker and recording arm. 
Figure 18 is a fragmentary enlarged side eleva- 
tion corresponding in position to Figure 15. 
Figure 19 is a fragmentary front elevation of 
Figure 18. 
Figure 20 is a fragmentary end elevation of 
Figure 19. 
Figures 21, 22, 24 and 25 are fragmentary side 
elevations corresponding in position fo Figure 15, 
and showing various alternate forms of axially 
resflient connections. 
Figure 23 is a fragmentary front elevation of 
Figure 24. 
Figure 26 is a reduced front elevation of a 
variation in the recorder in respect to the posi- 
tion of the primary indicator axis, the relief of 
the chart plate and the illumination. 
Figures 27 and 28 are enlarged longitudinal 
sections through the ink discharge tube trans- 
verse to the paper, at the extremes of a damped 
vibration cycle. 
In the drawings like numerals refer to like 
parts. 
Describing in illustration but not in limitation 
and referring to the drawings: 
Where a primary indicator shaft is rotating 
in response fo a quantity tobe indicated, such 
as the level of liquid in a boiler, the flow through 
an orifice or over a weir, or any other quantity 
being measured and recorded, recording presents 
a difficult problem unless amplification of the 
energy of the primary indicator is fo be used. 
While such amplification is often highly satis- 
factory and quite accurate, it usually adds con- 
siderably to the cost of the mechanism, and of feu 
increases the maintenance. 
By the present invention if is possible to record 
the indication of a primary indicator without 
imposing any substantial frictional or other bur- 
den on the primary indicator, and often with 
actual reduction in the friction. In general we 
provide a simple arm mounting for a marker 
such as a pen on the primary indicator shaft, 
designing the arm so that it will transmit very 
effective vibration fo the marker and thereby 
greatly and continuously reduce the friction be- 
tween the marker and the paper or other ma- 
terial of the chart. 
Considering flrst the recording mechanism of 
Figures 1 to 5 inclusive, these figures fllustrate a 
case 25 having a door 26 provided with a trans- 
parent window 2] for viewing a recorder 28. At 
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the opposite end of the case an indicator 29 is 
provided, suitably connected by nipples 30, 31 
fo a source of pressure differential which de- 
termines the indication as tarer explained. 
5 The indicator 29 has a window 34 throu:h 
which may be viewed an indicator pointer 35 
mounted ai $6 on a primary indicator shaft 31 
h pri- 
and suitably counter\veighted at . "  
mary indicatoï shaft 31 turns in suitable bear- 
10 ings 39 on a primary indicator housing 4, 
scribed in detail below. Suitably mounted 
by screw 41 on the end of the primary indicator 
shaft 31, a marker arm 44 is provided, preferab!y 
ruade of nonmagnetic material. The marker 
15 ara bas a resilient connection such as a revers 
bend 45 which passes back across the axis of 
the primary indicator haft 3] at 4. If is then 
conveniently bent again ai right angles Dt I 
in this form, and at ifs outer end supports .% 
0 marker 48, which may be of pencil or crayon 
type, but wfll preferably be a pen of the commçw 
type used in recording, in which case there will 
be an ink reservoir 9, an ink discharge tube 
50 and a pen point 51 as best seen in Figure 5. 
25 The marker arm 44 in the preferred form 
essentially comprises three portions. The axial]y 
resflient portion 54 i11ustrated in Figure 4 in the 
form of a reverse bend may consist of a spring 
preferably of beryllium copper, Phosphor bronze 
30 or other nonmagnetic spring material, sufficiently 
resilient to forma hinge portion and permit the 
marker arm to more under the action of the 
magnetic force. The portion ,5, which may be 
welded or otherwise attached to the resilient 
35 hinge portion 54, is preferably of rhin walled 
stainless steel tubing, a]uminum or other ligh 
ruera1, and is, as compared to the axia!ly resilient 
portion 54, quite rigid and unyielding under the 
forces encountered. The support 5 from the 
,l{] arm for holding the marker is a spring of beryl- 
lium copper or other suit.able spring material. 
As best seen in Figure 5, the spring '56 is suit- 
ably of V shape, having one arm 51 scured to 
the portion 55 as by welding or brazing, and the 
other arm 5 holding the marker in suitably 
45 resilient clips 59 preferably integral with the 
material of the spring 56. 
The spring 56 is selected to have, \vih the 
particular marker, a natural frequency or natura! 
period of vibration generally corresponding with 
50 the alternating current frequency which will be 
used for purposes of vibration, and the marker 
is suitably positioned along the arm 58 to tune 
the mechanism fo any suitable hrmonic of thi 
frequency. 
Thus if the alternating current is at 60 cycle', 
the spring 56 should have a natural frequency 
suitably close to 60 cycles or ome harmonic 
(multiple) thereof. The natural frequency of 
the spring can be controlled by varying its length 
60 and by the position of the marker. These final 
relations are best determined experimentally. 
The stop 60 is provided to register the mark2r 
in ifs correctly determined position. 
65 Suitably supported from the housing  .» 
bolts 61, a bracket 6 is provided, having con- 
renient resilient mounting clips 65. In the clips 
65 an electromagnet 66 is mounted, having u 
core 6] and a coi1 68, with tmïïinals 69, 10 con- 
70 nected to an alternating current source ]1 suit- 
ably at 60 cycles and 110 volts. The electro- 
magnet is aligned as shown on the axis of the 
primary indicator shs.ft .3ç, f.cin; the amn 44. 
To the arm 44 an armature I suitably of 
75 sort iron is welded, brazed or otherwise ai- 



5 
tached. The .armature 74 is suiçably of butçon 
forriiaçion and is disposed centrally with respect 
to the axis of the primary indicator shaft 
when the marker is in marking position. 
A chart plate 75 is employed, conveniently 
having a straight portion 76 which includes the 
center of the chart plate at "tï, and a cuIwed 
portion 78 which fo!lows the curvature of the 
path of the marker arm about the axis of the 
primary indicator shaft  from some point 
far out on the radial path to some point 80 close 
to the center of the chaït plate. Thus it wi]l 
be seen that as the marker arm moves the marker 
over the curved path, best seen in Figure 3 from 
the point 70 to the point , the marker con- 
forms to the curvature of the chart plate. 
Near the center of the chart plats is located 
a chart rotating motor  of wel] known type, 
interconnected to the chart by a speed reduction 
drive $4, the drive carrying on the outside of 
the chart plate a ]ocking hub 5 for en2"agin  
a chart 86 and rotating the saine. The motor 
is mounted on bïacket 4. As best seen in 
Figure 1, the chart 88 is circu]ar but conforms to 
the shape of the chart plats, resting f!a against 
the chart plate at the fiat portion ï (Figure 
3) and curving over the curvature of the chart 
plate as the chart rotates over the curved portion 
8. To hold the chart against the front of 
the chart plate af the curved portion, a curved 
linger 7 is provided, extending down îrom the 
top slightly iïï front of the chart plate and 
out of line with the azds of the chart, 
The chart plates may be formed from sheet 
metal a]ong conventiona] lines or they may be 
made of transparent or translucent materiaI 
such as acrylic or urea-forma!dehyde plastic. 
In the latter case, the chart may be iliuminated 
by an electric lamp from behind and the record 
and chart markings wiil stand out in relief. 
1Vovement of the marker arm causes the marker 
to move radial]y with respect to the chart, 
preferably along the central vertical radius in 
vertical line with the a.is of the chart, as best 
seen in Figure 2. In this way the device is 
entirely symmetrical. If v/fil be evident as best 
seen in Figure 3 that the indicator $ and the 
marker arm need hot have either the saine radii 
or the saine angular position at any mome]t. 
A spring clip 88 is mounted on the case 
Fdgure 3, to retain the marker arm in an in- 
active position while changing charts, or to pro- 
vide clearance for the chart plates when it is 
necessary to pull the chart plate foïward for 
the purpose of effecting' adjtstment to the in- 
strument. 
The device of the prescrit invention impose 
very little extra work requireme.t on the 
primary indicator. 
In operation, once the chart is proper]y 
mounted with its upper portion confoïmig to 
the curvature of the chart plate, and with the 
chart driving motor turning the chart, the 
primary indicator can be thrown into operation 
by any suitable mechanism such as that later 
described. This will bring the marker arm to 
the proper angular position for marking, but wi]! 
hot bring the marker into contact with the chart 
due to the fact that the spring at 4 holds the 
armature 74 slight]y away from the e!ectro- 
magnet, and holds the marker slight!y raised 
from the chart. As soon as the connection to a 
source of alternating current is made, as by 
throwing a switch 8, the armature 74 is drawn 
in close fo the electromagnet, bringing the arm 
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Into a position in. whichç the marker_ touches. 
the paper of the chart. ThroUghout the 
operation the marker remains practically against 
the chart, but vibrates back and forth toward 
and away from the chart through a very short 
distance, suitably of the order of / of an 
inch. At the same rime the armature 74 moves 
back and forth very slightly toward and away 
from the e]ectromagnet, but always very close 
thereto, 
The sprin portion 8 functions as.a.hinge, 
allowing the rigid portion  of the arm to 
transmit vibration to the spring clip portion 
, thus tending to vibrate the marker. Due to 
the fact that the marker, is mounted on the clip 
in a position such that the .natural frequency of 
the marker..and clip corresponds to the fre- 
quency of the alternating current used in 
vibration, the. marker will vibrate with.notice- 
able amplitude while the arm  appears to the 
eye tobe entirely stationary. 
%Vhen itis indicated that the natural frequency 
or tunin of the marker and clip combination 
corresponds to that of the alternating frequency, 
it is not meant necessarily that itis identical 
with the 60 cycle or other frequency used, but 
it is intended that it wi]l either approximate 
that of the ïrequency used, or of a harmonic 
thereof, as well known in the art. Thus the 
natural freqtency might bea multiple of the 
60 cycles if g0 cycle alternating current be em- 
ployed, such as 120, ]80, 240 cycles, etc. In cases 
where the smplitude of vibration of the marker 
exceeds that desired for the most satisfactory 
operation, it becomes advantaeous to vary the 
natural frequency of the maker assembly to 
slight variance with the applied frequency of 
vibration. This effects a decrease in amplitude 
of the marker movement to that desired. 
It will be evident that direct connection 
betwee the primary-indicator and the marker 
has been provided, since the marker arm 
directly mounted on the primary indicator shaft 
and directly fo]]ows the motion of that shaft. A 
single simple moving element thus provides both 
the indicating and recording function. While the 
load on the primary indicator bearings is in 
creased somewhat, the same contact between 
bearing surfaces is used as where the indicator 
alone is employed, thus minimizing additional 
friction. Since the indicating and recording 
arms are on the same shaft, itis very simpl e fo 
find the desired relation between the indicating 
scale and the recording scale to regulate thé 
distance of the marker from the center of 
rotation of the pJmary indicator. 
The marker being mounted on the spring clip 
af the end of the supportlng arm, it is very easy 
to control contact pressure of the marker on the 
paper within the limits which produce optimuïn 
performance. The constant vibration moves the 
pen from the paper and greatly reduces the 
friction against the paper, and also aids in ink 
flow. Af the same rime the vibratory action 
compensates for errors in the cuïvature or sur- 
face of the char plate-or-of the paper of the 
chart, and for slight misalignments of the 
indicating and recording . mountings, which 
might otherwise cause the recording arm fo 
jam or catch. 
The constant vibration introduced by the elec- 
tro-magnet continuously produces interruptions 
both. in-pen-paper contact and also in bearing 
contacts on the.primary.indicato; shaft, thus.im- 



pfovlng bearing lubrication and, on actual test, 
reducing bearing friction. 
Due to the fact that the contact between the 
pen and the papeï is interrupted ai a suitabty 
rapid rate, there is no marker friction during the 
noncol]tact interval, and the indicating and 
cording elements can respond with the saine de- 
gree of accuracy of indication as would occur if 
he marker did no contact the paper. The ef- 
fect of the intermittent vibratory contact with 
the paper is merely to damp the response but not 
to affect the accuraey of the final position 
reached. 
The vibration extending axiatly to the bear- 
ings of the primary indicator tends to lower the 
average bearing friction to such an extent that 
based upon observations it is found that there is 
higher sensitivity with the recorder unit attached 
and operated than with the indicator atone. 
The explanation appears tobe that the vibration 
emporarity reduces bearing pressm'e ai a given 
point and atternatively improves bearing lubri- 
cation with resilient freedom of motion. 
The fact that the electromagnet pulsations on 
the primary indicator are axial thus prevents the 
development of components of force transverse 
to the axis of rotation. The pulsations do hot 
in any way influence the accuracy of indication. 
'lhe amplitude and frequency of the vibration 
simply controls the amplitude and frequency of 
the vibration of the primary indicator shaft in 
the direction of ifs axis, and simply controls the 
motion of the marker toward and away from the 
paper (in a directioll which is unimportant from 
the standpoint of measurement of the quantit5  
vhich is recorded). 
The flux of the electromagne acts symmetri- 
cally upon the armature ]. 
Since the device is designed so that in case of 
current break the spring  lifts the marker away 
from the paper, the mechanism rernains free 
from marker frictim] in case of interruption of 
the current. Therefore under these condition 
the only load imposed by the recorder would be 
the weight of the marker arm and marker. 
The circular chart as shown records alon the 
vertical center line of the upper portion, with 
the lowest recorded point on the chart tocated 
slightly above the center of rotation of the chart. 
This permits the chart and chart plate to be 
of the conventional vertical form e]cept in the 
upper curved portion where the usual circutar 
chart confor,ns to the curvature. The conven 
tional chart drive can be used, since the ehzr 
axis is located below the curvature. 
This chart construction provides more con- 
renient visibility of the most reeently recorded 
data on the chart, since the most recently re- 
corded data is at the top and readily visible to a 
person looking in through the window. In casez 
where the non-tr,qnsparen type of chart plate 
used, the greater pl'ojected area of the upper part 
of the chart provides better illumination from 
an electl'ic lamp or the like conceated in the 
upper forward part of the instrument housin. 
It wi!l be evidm]t that in the form just de 
scribed the electromagnet operates from outside 
the reverse bend of the marker arm, but, as later 
described, an etectromagnet can equa!ty well 
operate in the opposite direction, in either case 
being on or substantially on the axis of the pri- 
mary indicator. 
While the recorder of the present invention is 
of general utility, it is particularly useful with 
a primary indicator of liquid level, flow or the 

like of the type contained in Walter J. Kinder- 
man U. S. applications Serial No. 517,242, flled 
January 6, 1944, now Patent No. 2,509,644, dated 
.OE,y 30, 1950, for Differential Pressure Gage, and 
5 Serial o. 713,035, fi!ed November 29, 1946, for 
,¢ete,_'. n these devices a.ngular motion from a 
prirmry indicator shaft is tramitted without 
zubstantial frictional loss from a closed space 
response to pt'esure differential or the like with- 
1o in the space. 
The housing  of the indicator as best seen 
in Figures 6 and '/ comprises a body S and a 
cover 9 united by bolts 94 and sealed by an- 
nuler packing 5 on opposite aides of a diaphragm 
15 support apertured zt 9. The diaphrâgm sup- 
port for convenience is recessed at 98 on the side 
oward the body 0 in order to permit a well, 
]zter to be described, to fit into the ress. The 
flousing is mounted in any suitzble position, such 
2o as vertical, by a bolt entering threzded opening 
O. On the side towzrd the cover, the diaphragm 
support is recessed zt  to permit collapse into 
this space of an annuizr trznsversely free flexible 
dizphrzgm portion O of a diaphragm 4. The 
25 diaphrzgm is held zt its outer edge by the pack- 
ing 9 which protects z2ainst lezkage between the 
support and the cover. At the cenoer the diz- 
phragm is stiffened by diaphragm plates 
/hich are united by threaded members , {, 
30 recsed zt 08 to receive a thrust pin  en- 
ga2ùng in a conical socket  and extending 
hrouh an opening    in he threzded member 
i0]. The pin S carries a collar  4  prevent 
accidental removal of its end from the spzce 
Tte diaphrgm 54 ioE subjected to differential 
pressures on opposite aides through nipples 8, . 
'l=e presm.e upon the outer face ât  is a 
standard pressure in the iiquid teveI measure- 
4o çent form, which should be equal to or greater 
i]an the pressure obtained due to the highest 
level of tiquid indicated. 
At the opposite end, the thrust pin 8 engages 
witi]ii a cavity  of a thimble 8 which is 
, mounted s by peening at  on a teaf spring 
12. The spring provides a convenient support 
for a horseshoe mgnet 9. The spring sup- 
plies e]ective retardation for the movement of 
the n]gnet. The horseshoe magnet {9 is con- 
se venientty mounted on the spring by extending a 
plate 28 over the magnet nd thimble and bolt- 
ing through the plate, mgnet and spring ai {. 
The thimble may conveniently be peened over ai 
 2 to unite to the plate. 
 Trie motion of the rnagne is transmitoed  the 
primary indicator shaft  through a présure 
wali or welI 2 of suitably nonmagnetic ma- 
teriat, which surrounds a magnetically suept- 
ibie rotatable armature 25 of spiral formation 
0 which is external of the housing  in the sense 
that it is hot subjected fo the pressure of the 
housin. OE'he magï]etic tramission is based 
upon the change of relucance of the magnetic 
path with movemen[ of the magnet at right 
e5 angles to its flux aïoEd along the axis of the 
ul'e, accompanied by rotary reaction of the 
arma[ure to the magne[ movement to reesblish 
the reluctance of the magnetic circuit at a bal- 
anced position. 
7o e magnet   9 is preferabty a permanent mag- 
ne[ of highly magnetic alloy having curved poles 
f2, 8, which effectively surrounds the well , 
with suitable clearance to permit movement longi- 
tudinally of the well. A suitable magnetic alloy 
7 t Alnic (24  0 ckel, 9  13% alpine, 



balance .iron) or ALuico (20%. nickel, !2%. lumi- 
num, 5% cobalt, balance iron) as well known in 
the art. 
The well is threaded at 129 into 
internally hreaded at 139 to receive..a threaded 
.Plug 131 which holds a jewelled bearing 134 for 
the primary indicator shaft 37. At the opposite 
end of he well-an insert 135 .holds an opposite 
jewelled bearing 139 for the opposite endof 
armature 126. 
.In Figure 6 the armature 126 is of unif0rm 
spiral pitch throughout. However in many 
the variation n pressure:and the like which cornes 
to the housing 4 maF hot unifomnly follow th 
quantity being indicated, - such as liquid .leel oï 
 flow, but may be a nonuniform function thereof, 
 .as .for-example where the device depends upon 
the law of a weir. In such cases the pitch of the 
,spiral .may be ruade nonuniform, increasing or 
lecreasing n eiher direction or agreeing te 
.predetermined law as shown-ai $26' inFigure 9. 
This will permit use of a uniform indicator - scale, 
and making of uniform recordings on a chart, 
.notwithstanding that the pressure variation is 
nonuniform. 
The arma-ture may preferably be ruade of sof 
iron or low carbon steel, such as Swedish iron or 
so-called "core" iron. Silicon bronze has been 
found, te be satisfactory as a nonmagnetic ma- 
terial for the well |25. It has been found ,that 
the relation of the spiral pitch te the magnet 
thickness should be relatively high. A.4 te 1,re- 
lation gives good results anda 3 te 1 relation i. 
acceptable. 
Provision is ruade for adjustment of the ful- 
,crum of the spring ! $6..Movement of the fulcrum 
edge normal te the plane of the spring contr,el 
the zero setting, while movement of the fulcrum 
edge along the surface of the spring, iarallel te the 
spring length changes the unsupported sp:ing 
length and therefore changes deflection char- 
acteristics. This is equivalent te calibration for 
range of liquid level travel or range for a given 
indication. 
The spring is desirably supported ai ifs rear 
end between-a transverse block $3 and ifs cap 
$6, both held together by bolts $39. If the sup- 
porting spring were of the saine thickness and 
width throughout ifs length, the possible adjust- 
ment in range of lnovement -due te fulcrum ad- 
justment would be relatively-mall. Te increas 
the effect of change in fulcrum, the spring can 
be varied in thickness or, as is more convenien 
in production, can be varied in width where it 
bent. The spring :is accordingly marie wide and 
ls.slotted at. ! 9.adjacent the supporting end 
and thewalls adjacent the bifurcation are tapered 
oppositely at $. The outer walls are tapered 
inward]y,and upwardly toward the,upper end 
Although the spring is at all rimes supported 
by the block and the cap, the effective length of 
the spring is determined by an adjustable ful- 
crum in _the ferre of a bar - having-a knife 
edge 4 extending across the spring. The bar 
6 is movable.transversely of the length of the 
knife edge. he bar 16 is slotted tïansersely at 
6 frein the back se as te permit if te be s]id 
frein the right in Figure 6 up0n a barï'el 4 of a 
spool 150 having flanges 15, The spool is rigid 
with a screw 154 threaded into the housing. 
and into the block 13]'. The screw is accessible 
for turning through an opening 55 closed by.a 
closure bolt  56. A disc  5 on screw  8 mounted 
.in, the housing behind the ar  moves the.bar 
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to he,.lf.,0r right in Figure 6 and c0rrespondi.ng- 
ly n!oyes ,the_!ulcrum.. Access fo the screw | 56 s 
provided through anopening 
.closure bolt |6g,. Since the setting of the zero 
5 . point of the indicator is dependent upor the posi- 
tion of the magnet fo the right or left in Figure: 
the zero poirlt can be adjusted by advancing or 
retracing he disc | 57. A set screv i $ prevents 
lovering of .the .bar 46 beyond the limit of 
]0 justment. 
In operation, the device of Figures 6 te 9is con- 
tr011ed-bY motion of the diaphragm under differ- 
e, ntial.pressure, whiçh Causes the pi.n. | 9 te m0ve 
he. lorestoe agnet I 1,9 against the retar:da- 
]5 tion ,of..the..spring 1!8..Movement of the horse- 
sh.e. mgnet surçund!ng the v(ell c.auses the 
armature !26 te rotate and thus turn the primry 
indicator shaft 3. 
In Figure 10 the mechanism is sh0wn applied 
2O te a, steam drum and water column by .hich 
wate!: level differences are.indicated by differençs 
in pressure on the indcator and are recorded .on 
t.he..ecorder. The steam ,drum (boiler)  is 
connected by .pipes |65, , .one reliably above 
25 ard .one below tbe water level, with .the water 
co!umn |6.from which pipes , !69, again.on e 
reliably aboie and one reliably .below the water 
lev.el, connect w!th pressure pots , |.. Frm 
these pressure pots, pipes | ,  5 lead te opp0s, ite 
30. sides.of a diaphragm |-as Shown in Figure 
..In this form ,the pipe cnnection 5.crrying 
var:ing pr.essu'e, cmmunicates with. the. nipple 
3{} at the..!ft hand ide of Figures 1 ard 6. The 
pipe  communicates with.the opposite.sid of 
35 the diaphragm in Figure6. As the variant water 
level communicating with the lower pressure pot 
 drçps,.the pressure difference with respect te 
the constant !evel in pressure pot !6.increases 
and the magnet ts shifted .along the well £owrd 
40 theindi.catr, that is, outward a!0ng,the armature, 
,se as o.giv_e progrssively loxxer indication, for 
lower variant wa.ter_level. 
In Figure !0.the two pipes , ?.are cl0sed 
or opened by valves 
,15 In Figure 11. the flow ppe .   and   9 i.s inter- 
rupted.to pro.vide flanged .terminals  79,  6 boled 
.together about an orifice plate   . The fi.ow ppe 
.is.attached..on .0pposie sides Of the orifice Plate 
te pipe the .p!;essure frein opposiçe sides of 
0 r!fice te te .indicatpr and 'ecordeï. It v(ill.be 
recqg .n.ized tht in te f0rm of Fgure !0 the pipe 
  relresentS a sdard maxinum pr_ssçe.pipe, 
maintained at max_ium pressure by condç.n.a 
tipn, a.nd conta.ining a const.nt.had reliably 
,-: .aboye .he !eKel pf.t.he w_aer .in .the steam drum, 
. .!-!ow.ever, both of tte pressures n the .fiw .pipe 
fo..m o Figure l!.fluc.t.uaçe and the inte.rmediate 
trnsmissin.0f the ind$catio.n pr t_he interpreta 
tionfpr, ex_a._m.pe, calibr arien--Of the. ind.ica..tor 
mu.st ..take into .aCCOUnt the !aw of :ariat.io_n .be- 
twçen :!e two pressures with different p'essure 
valpes and differ.ent quantifies 0f;fiow. In Figure 
 !1 t!e pSpçs ! 64, ! 5 are c0nnecd te the. respec- 
tive nipp.l.es: 0, 3 .on the indcat0r. n:d reco:der. 
¢:,5  n_.Fig_ure !2 he nvçnti0n.is appl.!ed .o. reçord- 
-ig fiuid flow.orinicating.merely the 'a.e 0 flow 
of a .liquid hr0ugh a weir meter,, a fo_rm of weir 
bng sho.wn af t. h] weir plate ! :'.of.ï-igure. 12 . 
The water in open feed water .hqater I fipasses 
7o through a valve 189 controlld b/ any storage 
space fioat, net shown through a rocker saft 
] nd rocler rm  se as te control the sup- 
p!y of water f'om the heater entering the weir 
and affecing wÇer level 4. tea.m presure!n 
75 .he .heater: and, eterare. eqalized by pipe 
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The illustration in Figure 12 is modelled gen- 
erally after the illustration in Figure 1 of Yarnall 
U. S. Patent No. 1,143,344, issued June 15, 1915, 
and from which patent other mechanism nor- 
mally associated with that shown in Figure 12 
may be seen, and its operation as well as that of 
the parts shown in Figure 12 may be checked and 
further explained. Other Yarnall patents show- 
ing structure to which this invention may be 
applied are 1,159,147 fo 1,159,150; 1,178,463; 
1,200,684; 1,307,609. 
In connection with the type structure shown 
in these Yarnal] patents, pressure pots I1{}' and 
11 I' of the character shown in Figure 10 are used 
to carry vapor space pressure as a standard, and 
variant pressure of the water which is above the 
weir, through pipes 114', 115' fo the nipples 3, 
and 3 l. 
The differences in water level yield corre- 
sponding differences in pressure in pipe 115' but 
do hot give a true indication of the quantity or 
rate of flow, since interpretation of water leve! 
into rate or quantity of flow invo!ves application 
of the . power or other law of the weir accord- 
ing to the shape of the weir selected. An arma- 
ture of the type shown in Figure 9 may be used 
to obtain direct readings and recordings from a 
weir having a nonuniform function in terres of 
flow, 
The invention may also be applied to a recorder 
having a fiat chart, and to one in which the elec 
tromagnet is within the return bend of the 
marker arm, rather than outside the return bend 
a.s in the form of Figures 1 fo 5 inclusive. ig- 
ures 13 to 17 inclusive illustrate a device of this 
character. 
In this form the case g6 mounts a chart 86' 
against a chart p]ate 15', in the front of the case. 
with the axis of rotation of the chart running 
directly front and back in the case and terminat- 
ing in a tightening hub 65 on the end of the chart 
rotating shaft driven by mechanism identica.1 
with that described in reference particularly to 
Figure 3. 
The indicator, identical with that already 
described, is placed at right angles to the position 
in Figures 1 to 5. As seen in Figures 13 and 15, 
the primary indicator shaft 1 is parallel to the 
axis of rotation of the chart, the primary indi- 
cator shaft being preferably located slightly 
above and to one side of the chart so that the 
marker arm 44' will describe on the chart a 
curved path gS, as well known. 
As best seen in Figures 15 and 1, the chart 
plate 15' extends into the space in prolongation 
of the primary indicator shaft 1 and suitably 
consists of some nonmagnetic a.nd preferably 
transparent material such as acrylic or urea- 
formaldehyde plastic. The marker arm 44' bas 
a slightly different form of reverse bend 5', resil- 
lent as previously described, and bas its arma- 
ture 14' facing toward the inside of the reverse 
bend as seen in Figure 15, rather than facing 
outwardly as in Figure 4. The portion 54' may 
be a beryllium copper spring. The stiff portion 
of the marker arm 55' may be substantially iden- 
tical with that of Figures I to 5 inclusive except 
that the bend 41 is hot needed and the portion 
55' can be straight as shown. 
The marker (pen) 48 may be identicl with 
that previously described, but in this form a 
straight spring clip 56' is used, properly tuned fo 
the desired frequency and for a given position of 
the marker along the clip, rather than a V clip 
as in the form previously described. The clip 

12 
may be attached to or integral with the stiff por- 
tio 55'. 
In the simpl form shown on Figures 18, 19 
nd 20, the tube member 5  is flattened at the 
5 end to form the spring clip member  and the 
pen ho!clef 59'. The required degree of reso- 
nance v«ith the imposed vibration is obtained by 
contro!ling the length of the flattened section. 
The electromagnet as here used is p]aced inside 
10 the return bend on the axis of the primary indi- 
cator which presses through the armature 14', 
rather thon outside the return bend as in the 
other form. In mounting the electromagnet 
is convenient to support it by a bracket 
15 the chart plte 1'. Also in this form the elec- 
tromagnet is provided not only with a coil 66' 
and iron core 61' run,uing through the center of 
the coil, but also with an iron magnetic circuit 
element in contact with the core at the back at 
0 ,$1 and providing gaps at the front at 61 whose 
air gp will be reduced by attraction of the arma- 
ture 4' when alternating current of the se]ected 
frequency is passed through the electromagnet. 
ïhe return flux path 61  is suitably provided with 
5 pole pieces 61  at ifs outer end, as best seen in 
Figure 1, or by means of any other suitable 
returl] flux shell or cup about the coil as well 
known. 
Itwill be evident that the form of Figures 
;:0 to 5 inclusive or the form of Figures 13 to 17 
inclusive may be used interchangeably with any 
suitable primary indicator, such as that set forth 
..n Figures ô to 9 inclusive, and in any suitable 
.indica.tor arrangement, as, for example, one of 
;;5 t, hose illustrated in Figures 10, 11 and 12. It will 
be evident also that the primary indicator and 
the arrangement of connections fo the source of 
the indication are subject to wide variation to 
suit the particular requirements of any individ- 
U0 ual installation. 
In an alternate arrangeme]t as shown in Fig- 
ures 18 to 20 inclusive, the recording arm and 
the c!ip af the end supporting the marker are 
marie integral from rhin walled tubing, for exam 
4 ple of stainless steel. The relatively rigid por- 
tion  .s tubular in section, and the resilient 
end 5  is formed by flattening the tube, and 
bending at 59' to encircle and grip the marker 
4, whose reservoir in this case extends trans- 
50 versely to the position of Figure 15. 
The axially resilient connection between the 
primaïy indictor and the recorder arm may take 
various forms as shown in Figures 21 to 25 inclu- 
sive, other than the reverse bends shown. For 
 example, in Figure 21 we illustrate a variant hav- 
ing an axially resilient connection in the form 
of a. spring loop 1 in a suitable plane, here a 
plane through the axis, and in this case prefer- 
ably symmetrical with respect to the axis. The 
60 particular loop is circular, but this feature is 
unimportant. Torsional stresses in the loop mav 
somewht modify the vibration. In Figure 22 
the axially resilient connection takes the form of 
a double return bend spring 6 having bend sec- 
65 tions g and 2{}{}. This construction gives 
high degree of axial resilience and is consistent 
vith a high degree of lateral stiffness and resist- 
ance to deformation in other directions. 
The simple return bend may a]so be split 
70 longitudinally to form twin return bends {} 
and 2{}4 symmetrically offset from the center line 
of the arm as shown in Figures 23 and 24. This 
form permits high axial resilience, with great 
resistance to deformation in other directions. 
7 gure 25 shows a rigid return bend 2}5 having, 
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-earits-connection to the.rigid .portion o£..the 
-arm, pins 20 and 207 p,sing through.holes 
@ and 0 in t.he rm, and Hmiting helicl 
compression springs lO and.2l .on one side of 
-he..- and similar sprats 24 d 25 on the 
oherside. Nus 2 are hreaded on he ends 
ofthe pins te adjust the tensiou of the sprin 
- nd control the axial freedom o the .recordir.$ 
arm. While compression springs hve 
shown, the sprins may be of any other type. 
In Fgure 26 a variation is iliustçed i the 
form of gures 13 nd 1. A shown, the 
of- rotation ] of the primry iudic,tor is 
at 2] to the side of instead of bove the chai't, 
.and the arm ' extends horizontll with the 
marker movin in a generally vertical arc 
-over the upper middle portion of the circuler 
chart. In this form .the arm 4' is preferbl? 
 rhin wlled stinless steel tube s:s shown in 
Figures 18 fo 20 inclusive. 
Under some conditions of operation, as when 
the chart paper is in close contact with the 
chart plate  the mrkeï, there is consideroEble 
tendency of the marker fo rebound with 
--siderable gin in amplitude of movement, 
compnied by some irreulrity of vibration. 
Sçeps are preferbly tken to dmp this exces- 
sive vibration. 
One very effective corrective is by ïeievin 
or recessing the chart plate under.the rnï'kev, 
or by cutting a slot 29.through the chrt plate 
lon the rnge of movement oç the mrkar. 
By eliminating the suppor directly behind the 
pper a,lon the pth of the m,rker 
the pper ppa,rently A permitted to absorb 
. smll increments oî impact energy of vibration, 
which, if returned fo the marker, resu!t i 
desirble interference w%h the orihal 
A secondry advantge is obtincd by slottir 
the moral chrt plate used in this form of re- 
corder. The preferably rectangular wndow 
symmetricl bout the vertical chrt conter line 
permits i!lum£u,tion from an electric 1oEmp 
te shine through the slot snd the char.t. The 
mrker thon serres s  highly .visible indictov. 
Upper and lower reference lines 22 nd 
are suitably provided, preferbly in red. 
To further reduce undesirbly hih implitude 
of vibration, the impessed .freçuency my to 
advntge in some cses be delibertely adjusted 
-te  value s!ightly .off resonnce, or (which 
duces the sme result), the malçer my be 
resonted to a frequency sliffhtly removed from 
the impressed frequency. 
By the combined effect of !esving the ppeï 
unsupported under the mrker and o 
ts.ining the mrker s!ghtly o resonauce 
oï one of these .expedients) if is possible to 
vibrate the mrker without breaking th 
film on the ppeï. This has the decided 
vantge of voidin an intermittent lire 
of dors)and obtininff a, continuons iue. 
lso of avoiding blotting or tendeDcy o 
up or sp!atter ink on the pper. 
Figures 27 and 28 illustte thiç condition. 
igu'e 27 the pen (ink disch:rge tube)  
at$he end of it vibration cycle, on the 
8, nd .the ink strem 22 is of comse 
tinuous fo the pper. In Figure 28 the ma,r!ev 
s t. the .opposite end ,of ifs vibration cycle, 
remote h'om the pper, but if on!y.movcs 
a short distance, of the order of 0.005inch. m9,xi- 
mure, and so doez hot ,brea: the .ink .comn 
.or stream 22..Thus he ink co!umn is con- 
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tinuousand, th_e_mker.-lin fs conthuous whou 
platterinE. 
There is of :course -some spring-bac.k 0ï the 
paper .under :tese contions, ..and-this permits 
5 aa amplitude .slightly. greater than the distance 
which the pen leave the paçer without brea.king 
,he ink stream. 
In view of out invention and disclosure, vari- 
ations snd modifications to.meet individual whim 
]0 or psriclr need will doubtless become evident 
to othrs skil!ed in the art, te obtain .11 or 
pr of the benfits of our invention without 
opyin.g çhe rocss and appaçatus shown, 
ve. therefore, clsim .11 such .insofar as they 
15 ïell wihin the reasonble spirit und scope of 
Out clgims. 
::[ïving thus des.cribed .out .invention whs we 
c]sim ,s-new n desire te secure by Letters 
Pgent is: 
20 1. In .recorder, a marker rm dspted fo 
roçuto bou.an axis in response fo 
bein$ rcorded, a mrker towa.rd he opposite 
end oî the arm-from the axes nd «dapted 
co.operate wih a chart,  magnetically sus- 
25 cepible rmture on the marker arm ai the 
axis, an e!ectromagneZ acting directly on the 
armature slong the axis and hereby vibrting 
he marker arm af the axis and alternaing cur- 
ï'ent raens for energizing the electromagnet fo 
30 vibrae the mrker in contact with the chrt. 
2. in a recorder, s marker arm moving about 
cm xis in reponse fo  quantity beig mesured, 
hving .sri axially resi!ienbporton nd tuned 
vith respec fo s prticulur.frequency, s. mark- 
5 er suppored from the reslien portion of 
zrm reraote from he xis nd adspted o co- 
operae wih g chr,  ma.gneticlly susceptble 
.'muïe on the mrker.arm 
e!ecromgne cing directly on the srmture 
40 .onz the axis and thereby vibratng the mrker 
arm.a.ç he xis nd altemtg curren mens 
o substania.lly he frequency for wlicl the 
marker erm is tuned for energizing the elec- 
romagnet to vibrae he mrker in contc wih 
45 î, he chr. 
3. ln a recorder,  mrker arm moving about 
cm axis-n response o  quantity being measured, 
huvizg n sxiu!ly resilient portion snd tuned 
wi!] respect o  pur.icu]sr frequency,  mrker 
upported fror the resilient portion of the arm 
remoe from çhe xis and adpted o cooperste 
wih  charS,  magneticlly susceptible arma- 
ture on the merker srm st the axis, an electro- 
n:sgne scing directly on the srmsture- 
5 tb. axis nd thereby vibrting he ma.rker arm 
s:g he sxis and lemaing curï'ent means slight- 
ly off with respect o the frequency for which 
the marker srm is-uned for energizing the elec- 
cromugnet to vibrte the mrker in contact with 
(;) the chr and dsmp the murker. 
.4 :In a recorder, s mrker arm moving about 
 sri uxis in response fo a quantity beng measured, 
hv£ng a.n axially resflient portion and tuned 
with respect .o a particulr frequency, a..marker 
;EE supported from t-he resilient portion of the arm 
remote: from the ads and adsPted o coorute 
wi-th a .chr, a magneticslly susceptible arms- 
ture on the mrker arm af the axis, an electro- 
magnet act£ng .direcly on the armsture ulong 
the aAs and thereby vibrting the mariner arm 
af the axis and alternating current mens slight- 
ly off with respect to the frequency for which 
the marker arm is tuned for energizing the elec- 
tromagnet fo v!brte the marker in contact with 
75 -the chart and.by the off.resonnce charscter lim- 
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iting the marker fo an amplitude hot cxceeding 
0.005 inch away from the chart. 
5. In a recorder, a, marker arm movin 
an axis in response o a quantity bein measred, 
having a resilientportion and tuned with re- 
spect to a particular requency, a marker sup- 
ported froïn the resi!ient portion of the arm 
more from the a.xi and adapted to cooperate 
with a chart, a cha.rt upport for the chart hav- 
iug an opening at the point at which the marker 
is located, leavina the chart unsupported wherc 
if contacts the marker, a magneticaity susceptible 
armature on the marker arm af the axis, an 
electromagnet actina direcçly on the armatuïe 
along the axis and thereby vibrating the marker 
arm af the axis and a!ternating current means at 
substantially the frequency for which the nlarkeï 
arm is tuned for eneraizing the e!ectromagnet to 
vibrate the marker in contact with the chart. 
6. In a recorder, a marker arm moving about 
an axis in response to a quantity being measured, 
having a resilient portion and tuned with respect 
fo a particular frequency, a marker supported 
from the resilient portion of the arm remote 
from the axis and adapted to cooperate with a 
chart, a chart support for the chart having an 
opening af the point at which the marker is 
located, leavina the chart u]uppored where 
contacts the marker, a magneticaliy susceptible 
armature on t.he marker arm af the axis, an elec- 
tromagnet actina direct!y on the armature alona 
the axis, and thereby vibrating the marker arm 
af the axis and atterz]ating crent means slight- 
ly off with respect to the frequency for which the 
marker arm is tuned for energizing the electro- 
magnet fo vibrate the marker i contact with the 
chart and damp the marker. 
7. In a recordeç, a marker srm moving about 
an axis in response to a quantity being measured, 
havina a resilient portion and tuned with respect 
to a particular frequency, a marker suppord 
from the resilient portion of the arm remote 
from the axis and adapted to cooperate with a 
chart, a chart support for the charfi having an 
opening at the point at which the marker 
located, leaving the chart unsupported where it 
contacts the marker, a maaneticatly susceptible 
armature on the marker arm af the axis, an 
electromagnet actina directly on the armature 
along the axis and thereby vibrating the marker 
arm at fihe axis aDd atternating currenfi means 
lightly off with respect to the frequeney for 
which the marker arm is tuned for energizing 
the electromanet to vibrate the marker in con- 
tact with the chart and by the off resonance 
character limitina the marker to an amplitude 
hot exceeding 0.005 inch away from the chart. 
8. In a recorder, a primary indicator shaft 
turning in response to a quantity fo be indicated, 
a marker arm on the shaft having a reverse bend 
af the axis, a marker on the arm towards the end 
remote from the shaft and adapted to contact a 
chai't, a maneticatly susceptible armature on the 
arm at the side of the reverse bend remote from 
the shaft and at the axis, the reverse bend being 
axially resilient, an electromagnet inside the re- 
verse bend acti]a direct!y on the armature along 
the axis and thereby vibrating the marker arm 
at the axis aud alternatina current means for 
energizina the eleetromagnet to vibrate the 
marker in contact with the chart. 
9. In a recorder, a primary indicator shaft 
turning in response fo variation in a quantity be- 
ing measured, a marker arm on the shaft having 
an axially resilient reverse bend and including a 
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resilient marker support on the side e the reverse 
bend remote from the shaft and af a position re- 
more from the axis, the narker arm being 
with respe.ct to a- particui«ï frequency, a marker 
5 ,supported from the resilient markcr supporb and 
adapted to cooperate with a ch.r, a magnetica!- 
iy susceptible armature on tt]e marker arm 
line with the shaft axis on the side of the reverse 
bend remote from the shaft, an electromagnet 
I0 acting directty on the armature af the axis from 
inside the reverse bend and thereby vibrating the 
ïnarker arm ai the axls, and alternatin curren 
means ai substs.nia!iy the frequency for which 
the marker arm is tmed for energizing file 
15 tromagnet fo vibïate lhe markm" in contact with 
the chart. 
I0. In a recorder, a mari.eï aïm adapted fo 
tare about an axis in respmse fo a quantity bein 
recorded, a marker t9wards ths opposite end of 
20 the arm from the axis iucludin$ cn ink pet 
adapted fo cooçeïate wih a chart, a magnetical- 
ly susceptible armature on the marker arm an ths 
axis, an electromanet actin directly on the 
armature alon the axis and thereby vibrating 
5 lhe marker arm at the axis and alternating cur- 
rent means for energizin the elecgromagnet to 
vibrate the marker in contact with the chart 
the amplitude of vibration under the particular 
alternating current means bein so small an the 
O pet that the ink stream rmains continucus fo 
the chart throuhout the vibration. 
ii. In a recorder, a marker arm adapted fo Æ'o- 
rate about an axis in respone fo a quantity bein 
rcorded, the marker arm havin a resilient con- 
 nection at the axis, a rsilient V-clip on the op- 
posite end of the aï»n, a maï'ker on the resilien 
V-clip adapted fo cooperate wiçh a chart, a 
netical!y susceptible armature on the marker aïm 
ai the axis, an electromagnet acting directly on 
i.) the armatut'e along the axis and thereby vibrat- 
in the marker amn at the axis, and alternating 
current means for enerizing- the electromagnet 
to vibrate fihe marker in cont2ct with the chart, 
the V-clip when holding the marker havin a 
5 natural frequency which is resonant with the al- 
ternating current frequency. 
12. in a recordeï, a primary indicator shaft 
turng in resNonse fo a quantity fo be indicated, 
a marker arm on the shaft having a reverse bend 
o ai the axis, the reveïse bend being axially 
silient, a marker on the arm towards the end 
more from the shaît nd adapted to contact. 
chart, a megnetical]y susceptibl armature on the 
arm ai the side of the reverse bend remote ff'cm 
5 the shaft and an the axis, a electromagnet ours. 
side the reverse bend actin directly on the arma- 
ture a!on the axis and thereby vibrating the 
marker arm ai the axis, and alternating current 
means for enerizing the e]ectromagnet fo vibrate 
60 the marker in contact with the chart. 
13. In a recorder, a marker arm adapted fo 
ratA about an axis in respense go a quantity 
recorded, having a resilient çortion and tued 
with respect fo a particular ïrequency, a markér 
GO supported from the resilient portion of the aïm 
remote from the axis and adapted fo cooperaçe 
with a chart, a maneticaily susceptible armature 
on file marker arm ai the axis, an electromanet 
acting directly on the armature alon the axi 
70 and thereby vibrating the marker arm ai the axis 
and a!ternating current means for enerizin the 
electromagnefi fo vibrate the marker in contact 
with the chart. 
14. In a recorder, a marker arm adapted no ro- 
75 rate about an axis in response fo a quantity being 
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recorded, a marker toward the opposite end of 
the arm from the axis and adapted fo cooperate 
wlth a chart, a chart mounting for the chart ro- 
tatable about an axis transverse fo. the marker 
arm axis, a chart support having a curved por- 
tion conforming to the curved path of the marker, 
a magnetically susceptible armature on the 
marker arm ai the axis, an electromagnet act- 
ing directly on the armature along the axis and 
thereby vibrating the marker arm at the axis and 
alternating current means for energizing the elec- 
tromagnet fo vibrate the marker in contact with 
the chart. 
15. In a recorder, a chart mountlng rotatably 
about the axis, a fiat chart support extending in 
a plane transverse fo the axis of the chart 
mounting, a marker arm adapted fo rotate about 
an axis above and to one side of the chart sup- 
port and in response to a quantity being recorded, 
a marker toward the opposite end of the arm re- 
more from the marker arm axis and adapted to 
cooperate with a chart on the chart mounting, a 
magnetically susceptible armature on the marker 
arm ai the marker arm axis, an electromagnet 
acting dire.ctly on the armature along the marker 
arm axis and thereby vibrating the marker arm 
at the marker arm axis, and alternating current 

means for energizing the electromagnet fo vibrate 
the marker in contact with the chart. 
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